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Abstract 
Two novel low-temperature ionic liquid processes are developed for the recovery of base oils from 
waste lubricant oils.  One uses  3-(triethoxysilyl)-propylammonium-3-(triethoxysilyl)-propyl 
carbamate (TESAC), in which the waste lubricant base oil is insoluble,  and the other uses 
trihexyltetradecylphosphonium chloride (P6, 6, 6, 14Cl) in which the  base oil is soluble.  In the 
TESA/TESAC process waste oil components, including the base oil, are dissolved in the solvent 
3-aminopropyl-triethoxysilane (TESA) which is converted, in situ, with carbon dioxide to TESAC, 
recovering the base oil as an insoluble layer. In the P6,6,6,14Cl process the base oil is separated from 
most additives as a solution in the ionic liquid from which it can be extracted with methanol.  The 
recovered oils from both processes have properties consistent with lubricant oils in commercial 
use and   the ionic liquids can be recovered for recycle minimising reagent use and providing a 
route to closed-loop base oil recovery and recycle. 
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1. Introduction 
Lubricating oils are mixtures of hydrocarbon base oils (71.5 – 96.2 wt%) with additives that are 
included to meet the requirements of specific lubricants (Mohammed et al., 2013).  In service, the 
oils undergo oxidation in the presence of high engine temperatures that lead to free radical 
autocatalysis to give a complex mixture of products that can cause corrosion and reduce the 
effectiveness of the lubricant. Most of the estimated 40 million tonnes of lubricant oils produced 
annually worldwide end up as waste lubricant oils (Lea–Langton et al., 2010) that are classified in 
the EU list (European Commission, 2014), as hazardous materials.   The main methods used in 
managing waste lubricating oils are recovery for reuse and recycle (Jafari & Hassanpour, 2015), 
hydrocracking to produce fuels (Tripathi et al., 2015; Khowatimy et al., 2014), and incineration 
with energy recovery (Fuentes et al., 2007). While hydrocracking and incineration can give rise to 
only one second use for the waste oil, recovery for recycle provides the opportunity to achieve 
multiple reuse stages for recycled oils and should, with the use of suitable technologies, be the 
preferred management option.  In 2010 the estimated annual consumption of lubricating oil in 15 
EU countries (Pawlak et al., 2010; Hsu and Liu, 2011) was about 5Mt with only 1.7Mt being 
recovered for reuse. 
 
The steps involved in the re-refining generally involve pre-cleaning, extraction and separation, and 
hydro-finishing and the viability of the processes is influenced by factors such as process costs, 
market prices, regulatory frameworks and market acceptance of the recyclates in addition to 
environmental issues such as the use of volatile solvents and the production of solid wastes that 
lead to disposal problems.  Many types of re-refining separation stages (Jafari & Hassanpour, 
2015; Hsu et al., 2010; Kanokkantapong et al., 2009) have been established for the recovery of 
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waste lubricant oils all of which involve the removal of the high-temperature oxidation products 
and friction products resulting in recovered oils suitable for reuse.  The processes include: (i) 
adsorption processes such as acid-clay treatment (Emam, and Shoaib 2012), which can be 
combined with distillation but which are generally regarded as less efficient and not 
environmentally sound; (ii) processes involving volatile organic solvents including solvent 
extraction (Lukic et al., 2006, Hamad et al., 2005; Elbashir et al., 2002), solvent extraction with 
adsorption (Mohammed et al., 2013; Kamal & Khan, 2009), and  solvent flocculation (Martins, 
1997) and (iii)  supercritical fluid extraction (Liu et al., 2005).   Most of the standard processes 
involve steps that make use of high temperatures, adsorbents that have to be disposed of as 
hazardous materials or volatile organic solvents all of which adversely affect their economic and/or 
environmental suitability.   Ionic liquids are, however, solvents that are non-volatile and that have 
the potential to be used at room temperature as replacements for volatile organic solvents in the 
separation step of re-refinement processes. Ionic liquids (ILs) (Welton, 1999;  Wilkes, 2002; 
Rogers & Voth, 2007) are charged organic salts that are either liquid at room temperature (RTILs), 
or are low melting point (<100 ◦C) solids. They have a unique range of properties  including zero 
or minimal vapour pressure which makes them non-volatile, high solvation capacity which makes 
them useful solvents, wide temperature ranges of liquid phase stability, and very low flammability 
that make them ideal  for a wide variety of applications  including: use as solvents to dissolve 
hydrocarbons (Pereiro & Rodriguez, 2010), use in  separation and extraction processes (Lateef et 
al., 2008, 2009a, 2009b, 2012) and as replacements for volatile organic solvents (Cull et al.,  2000). 
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We now report on alternative low temperature re-refining processes for waste lubricant oils that 
are based on the solubilities of the waste oil components in ionic liquids.  
 
2. Materials & Methods 
The ability of ionic liquids to dissolve components of waste lubricant oils was tested using a wide 
variety of ionic liquids and the results are reported for the following representative types: (i) polar 
ionic liquids: 1-butyl-3-methylimidazolium chloride [BMIMCl], 1-sulphonyl-3-
methylimidazoliumhydrogensulphate [SMIMHSO4], betaine bis(trifluoromethylsulfonyl)imide 
[HBetNTf2], 1-hexyl-3-methylimidazolium bromide [HMIMBr], and (ii) non-polar ionic liquids: 
3-(triethoxysilyl)-propylammonium-3-(triethoxysilyl)-propyl carbamate [TESAC] and 
trihexyltetradecylphosphonium chloride [P6,6,6,14Cl]. The ionic liquids BMIMCl, SMIMHSO4, and 
HMIMBr were synthesised by microwave-assisted methods, previously described (Lateef et al., 
2009a, 2009b, 2012), while HBetNTf2 was prepared by metathesis (Nockemann et al., 2006). 
TESAC was prepared by bubbling carbon dioxide through the solvent 3-aminopropyl-
triethoxysilane (TESA) (10g), until the exothermic reaction between the reactants ceased, giving 
a clear viscous ionic liquid – TESAC.  This ionic liquid is stable below 46°C whilst, above this 
temperature, the reverse reaction occurs with loss of CO2 to reform TESA – a reversible reaction 
that has been used in carbon capture energy applications (Blasucci et al., 2009). The ionic liquid, 
P6,6,6,14Cl, was purchased from Sigma Aldrich.  
 
2.1 Solubility of waste oil components in ionic liquids 
The solubilities of waste oil components and, particularly of the base oils and the additives crucial 
to the performance of the lubricant (antioxidants, friction modifiers, anti-wear agents, anti-foaming 
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agents, and dispersants), in these ionic liquids, were determined to ascertain whether differences 
in their solubilities in the ILs can be exploited in the recovery of value from waste oils.  The 
lubricant components used in the solubility tests are listed in Table 1.  
 
Category 
 
Component 
 
Supplier 
Anti-wear and secondary anti-oxidant Zinc dialkyl dithiophosphate (ZDDP) ZPlusTM USA 
Anti-foaming agent Polydimethyl siloxane (PDMS) Sigma Aldrich 
Anti-oxidant 
2,6-di-tert-butyl-4-methylphenol 
(BHT) 
Sigma Aldrich 
Dispersant/emulsifier Poly(styrene-co-maleic acid)  (PMS) Sigma Aldrich 
Friction Modifier Molybdenum disulphide  (MoS2) Sigma Aldrich 
Base oil SN150 Oando, Nigeria 
Waste lubricant oil GM10W-40 Local garage, UK 
 
Table 1 – Lubricant oil components used in solubility testing 
 
Except for TESAC, the method used in determining the solubilities of the lubricant oil components 
involved mixing each component separately with the ILs at room temperature (22 oC) and 80 °C, 
separately.  Each component (50 mg) was mixed with the IL (2 g) in a glass vessel in a temperature-
controlled water bath and the mixture stirred for 30-45 minutes at each temperature to determine 
the relative solubility of the component by measuring the weight of undissolved material.  The 
relative solubilities of the oil components in TESAC (and its precursor, TESA) were determined 
using the same procedure but only at room temperature because of the thermal instability of 
TESAC at higher temperatures (Blasucci et al., 2009). All measurements were carried out in 
triplicate. The results of the relative solubilities of the base oils and additives in the ILs and in the 
solvent TESA are in Table 2.  
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Components 
 
BMIMCl 
 
HBetNTf2 
 
HMIMBr 
 
SMIMHSO4 
 
P6, 6, 6, 14 Cl 
 
TESAC 
 
TESA 
22 ºC 80 ºC 22 ºC 80 ºC 22 ºC 80 ºC 22 ºC 80 ºC 22 ºC 80 ºC 22 ºC 22 ºC 
SN150 i i i i i i i i s s i s 
Zinc dialkyl 
dithiophosphate(ZDDP) 
i i i i i i i i s s s s 
Molybdenum disulphide 
(MoS2) 
i i i i i i i i i i s s 
Polydimethyl siloxane 
(PDMS) 
i i i i i i i i i s s s 
2,6-di-tert-butyl-4-
methylphenol (BHT) 
i s i i i i i s i s i s 
Poly(styrene–co-maleic 
acid) (PMS) 
i s i i i i i i i i s s 
i - Insoluble; s-Soluble 
Table 2 Relative solubilities of waste lubricant oil components in ILs at room-temperature (22oC) 
and at 80oC 
 
2.2 Ionic liquid methodology for the recovery of base oils from waste lubricant oils 
 
On the basis of the relative solubility data in Table 2, TESAC and P6,6,6,14Cl were selected as 
potential solvents for the recovery of the base oil from waste lubricant oils in two alternative 
processes. In one process, using TESAC, the base oil is insoluble in the IL in which most of the 
other components are soluble while in the other process, using P6,6,6,14Cl, the base oil is soluble in 
the IL in which the other components are insoluble.   
2.2.1 The TESA/TESAC base oil recovery process  
This process relies on the fact that the base oil (SN150), although soluble in TESA, is insoluble in 
TESAC while the other major components are soluble in both TESAC and in the precursor solvent 
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TESA. The effectiveness of the process was tested using four systems: (i) the pure base oil; (ii) a 
simple simulated waste lubricant oil; (iii) a mixed simulated waste lubricant oil; and (iv) a real 
waste lubricant oil.   
 
Pure base oil: In studies using the pure base oil, SN150 (5g), was dissolved in TESA (0.05 mol, 
11g) at room temperature and CO2 was bubbled through the solution at 3.7 cm
3/min for 15 minutes 
until the exothermic reaction was complete and a viscous mixture formed leading to the production 
of TESAC. The initial homogeneous one-phase mixture, formed by TESA and the base oil, was 
allowed to separate into two distinct layers, with the base oil in the upper layer and the IL, TESAC, 
in the lower layer. The attenuated total reflectance-Fourier transform infrared spectroscopy (ATR-
FTIR) spectrum of the upper layer was recorded and compared with that of the reference base oil.  
 
Simple simulated waste lubricant oil system: A model waste oil was prepared by heating the pure 
base oil in a glass vessel at 120°C for 50 h in air to oxidize the hydrocarbons to simulate 
degradation in an engine environment and used in studies of simulated waste lubricant oil systems.  
The simple simulated waste lubricant oil system studied contained only one oil additive, the anti-
foaming agent polydimethylsiloxane (PDMS) (1.8 g) in the model waste oil (5 g) in a 
homogeneous mix that was added to TESA (5 g) at room temperature. The TESA was then 
converted to TESAC, by the same process used in the studies of the pure base oil, to recover the 
base oil.  The upper layer, containing the recovered base oil was separated from the lower 
TESAC/PDMS layer by centrifuging the mixture at 8000 rpm for 20 min.  The upper layer was 
washed with methanol (20 mL) to remove any traces of PDMS and IL and the ATR-FTIR spectrum 
of the recovered product compared with that of the reference base oil.  
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Mixed simulated waste lubricant oil system: A mixed simulated waste lubricant oil system was 
prepared from the oxidised model waste oil (8 g), by adding the following additives: MoS2 [0.33g], 
PDMS [0.33g], BHT [1g], ZDDP [0.33g] and PMS [0.33g]) to give a homogeneous mixture that 
was added to TESA (10 g) at room temperature. The TESA was then converted to TESAC by the 
same process used in the studies of the pure base oil to recover the base oil.  The upper layer, 
containing the recovered base oil was separated from the lower TESAC/additives layer by 
centrifuging the mixture at 8000 rpm for 30 min.  The upper layer was washed with methanol to 
remove any traces of additives and IL, and the ATR-FTIR spectrum of the recovered product 
compared with that of the reference base oil.   
 
Real waste lubricant oil system:  The recovery of base oil from a real waste lubricant oil system 
was studied using waste GM10W-40, a multi-grade semi-synthetic lubricant oil obtained from a 
local garage in the UK. The waste lubricant oil was filtered to remove sediments and a 1:1 mixture 
of TESA (10g) and the filtered waste lubricant oil (10g) was placed in a flask and CO2 bubbled 
through at the rate of 3.7cm3/min, for 15 minutes at room temperature  to produce a mixture of 
TESAC and the waste lubricant oil. The resulting mixture was centrifuged at 8000 rpm for 30 
minutes and, although this did not result in an immediate separation of the layers, the mixture was 
allowed to stand. After a period of 48 hours there was substantial separation of the layers, with the 
upper layer containing the recovered oil. This upper layer was washed with methanol and the base 
oil recovered in 75% yield (based on a 90% base oil content in the waste lubricant oil), whilst the 
lower layer, containing TESAC and additives, was treated with water to recover the ionic liquid 
that was heated above 50 oC to re-form TESA for re-use in a closed loop recovery system. The 
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ATR-FTIR spectra along with thermal, moisture content, trace element analysis density and 
viscosity measurements were used to compare the recovered oil with pure base oil samples.  
 
2.2.2 The P6,6,6,14Cl recovery process 
The solubility of the base oil in the ionic liquid P6,6,6,14Cl offers an alternative methodology for 
recovery of base oil, with a  potential advantage  over TESAC, in that the liquid state of  P6,6,6,14Cl, 
at room temperature, has a  lower viscosity (0.70 Pa-s) and a higher thermal stability than TESAC 
[Blasucci et al., 2009]. The potential of this IL for recovery of the base oil was studied using a real 
waste lubricant oil system only. 
 
Real waste lubricant oil system:  A mixture  of P6,6,6,14Cl (10.7g) and of the filtered waste GM10W-
40 multi-grade semi-synthetic lubricant oil (10.7g) was heated at 80 ºC for 30-45 minutes and 
centrifuged at 8000rpm for 30 minutes at room temperature. The mixture was allowed to settle for 
a period of up to 24 hours, after which a clear separation into two layers was achieved. The upper 
layer, which was a solution of the base oil in the IL, was decanted off and washed with methanol 
to separate off the base oil as a distinct layer from the methanol-IL layer. The IL was recovered 
from the methanol-IL layer by evaporating off the methanol to give P6,6,6,14Cl  that can be reused 
in a closed-loop system The upper base oil layer was rotary evaporated to remove traces of 
methanol and was recovered as a viscous liquid in 56% yield. The ATR-FTIR spectra along with 
thermal, moisture content, trace element analysis density and viscosity measurements were used 
to compare the recovered oil with pure base oil samples.  
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2.3 Characterisation of Recovered Oil Samples and Ionic Liquids 
The recovered oils from the ionic liquid processes were characterised by comparison with pure 
base oil samples using ATR-FTIR spectra, moisture content, trace element analysis, and density 
and viscosity data.  The ILs recovered for reuse and recycle were characterised by their FTIR 
spectra. 
 
ATR-FTIR spectra were obtained using a Perkin Elmer Spectrum 100 FTIR spectrometer with a 
Universal ATR sampling-accessory and Dynascan interferometer, analysing within the   4000 – 
400cm-1 range with 100 scans at a 4cm-1 resolution.  Moisture content was measured with TitroLine 
Karl Fischer equipment; and viscosity, density and viscosity index measurements were determined 
using the ASTM 7042 (ASTM, 2014) method in an Anton Paar SVM 3000/G2 Stabinger 
viscometer.  C and H  contents were determined by standard procedures and trace elemental 
analyses were obtained by Inductively Coupled Plasma–Optical Emission Spectroscopy (ICP-
OES) using a Perkin Elmer Optima 7300DV with an argon carrier gas, and by X–ray Florescence 
(XRF) using an energy dispersive Bruker S4 Explorer XRF spectrometer.  The XRF and ICP-OES 
spectrometers were calibrated using a reference hydrocarbon sample (Standard base oil 20).  
Recovered oil samples were acid-digested prior to elemental analysis in an Anton Paar multiwave 
3000 microwave oven using 9ml HNO3, 0.5ml HCl and 2ml H2O2 per 0.8g of recovered oil sample. 
Digested samples were filtered through a 0.45µm cellulose nitrate membrane filter and analysed 
for elemental content using a modified EPA 3052 (EPA, 1996) method.  
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The physical properties of the recovered base oil samples are compared in Table 3 with data on 
the reference oils, SN150, commercial (virgin) GM10W-40 lubricant oil and with those on the 
waste GM10W-40 lubricant oils studied.  Comparison of the trace elemental analyses of the 
recovered base oils with the same reference and waste oils is in Table 4.   
 
Materials 
Appearan
ce 
Moisture 
content 
(ppm) 
Density 
at 15ºC 
(g/cm3) 
Kinematic 
viscosity (mm2/s) 
Viscosit
y index 
40ºC 100ºC 
SN150 
Pale 
yellow 
70.4 0.880 31.4 5.2 94.2 
Commercial GM10W-40 
lubricant oil 
Pale 
yellow 
742.3 0.871 92.9 13.8 150.6 
Waste GM10W-40 
lubricant oil 
Black 1400.6 0.879 98.9 14.0 144.7 
Recovered base oil from 
TESA/TESAC process 
Brown 388.0 0.869 97.2 14.6 156.6 
Recovered base oil from 
P6,6,6,14Cl  process 
Brown 759.6 0.867 146.2 19.7 155.0 
 
Table 3 Physical properties of recovered base oils compared with reference materials 
 
3. Results & Discussion 
3.1 Solubility of waste oil components in ionic liquids 
The relative solubilities of the components of waste lubricant oils (Table 2) show that the reference 
base oil, SN150, is insoluble in the polar ionic liquids - BMIMCl, SMIMHSO4, HBetNTf2 and 
HMIMBr – at  room temperature and 80 oC.  The key types of additive are also insoluble at room 
temperature in these ionic liquids although some of them become soluble at 80 oC.  The ionic liquid 
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P6,6,6,14Cl  which contains a long chain hydrophobic hydrocarbon cation that dominates its structure 
enabling it to dissolve the base oil at room temperature and 80 oC.  Some of the key additives are, 
however, also soluble in this ionic liquid particularly at 80 oC.  All of the key components of waste 
lubricant base oils are soluble in TESA, the precursor of the ionic liquid TESAC at room 
temperature but the base oil is not soluble in TESAC at this temperature.  
 
 
Elements 
  
 
Commercial 
GM10W-40 
lubricant oil 
(mgl-1) 
 
Waste  
GM10W-40 
lubricant oil  
(mgl-1) 
 
Recovered base oil from  
TESA/TESAC process  
(mgl-1) 
 
Recovered base oil 
from  P6,6,6,14Cl 
process (mgl-1) 
Fe 2.1 2.5 2.5 2.6 
Ni 1.5 3.1 3.1 3.1 
Zn 5.1 8.6 2.5 5.2 
Pb 2.3 2.3 2.3 2.3 
Na 0.6 1.1 0.6 1.0 
Mg 2.2 3.8 2.1 2.3 
Cr 2.8 2.8 2.8 2.8 
Cd 4.6 4.7 3.3 4.6 
Al 0.1 0.1 0.1 0.1 
Ba 2.9 3.0 2.9 3.0 
Mn 4.1 4.2 4.2 4.2 
Cu 1.2 1.2 1.2 1.3 
Co 2.4 2.4 2.4 2.4 
 
Table 4 Elemental analysis of recovered base oils compared with virgin and waste GM10W-40 
lubricant oils 
 
On the basis of these data the ionic liquid solvents, TESAC and P6,6,6,14Cl, offer potential for 
use in the selective separation and recovery of the base oil from waste lubricant oils (Table 
5). 
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Elements 
 
Waste GM10W-40 
lubricant oil 
 
Recovered base oil 
from TESAC/TESA 
process 
 
Recovered base oil 
from P6,6,6,14Cl 
process 
C + H 98.9 99.0 99.0 
S 0.466 0.278 0.285 
Si nd 0.575 nd 
As nd nd nd 
Ca 0.371 0.067 0.334 
P 0.131 0.028 0.174 
Cl nd nd 0.229 
   nd – not detected 
Table 5 Bulk carbon and hydrogen and trace element analysis of recovered base oils compared 
with waste GM10W-40 lubricant oil (expressed as % by weight) 
 
3.2 Development of low temperature ionic liquid systems for the recovery of base 
oils from waste lubricant oils  
Two low temperature processes for the recovery of base oils from waste lubricant oils using ionic 
liquids were developed from studies on model and real waste lubricant oils – the TESA/TESAC 
and P6,6,6,14Cl  processes.  The TESA/TESAC process exploits the insolubility of base oils in the 
ionic liquid TESAC which is prepared in situ from the solvent TESA in which base oils are soluble 
while the P6,6,6,14Cl process is based on the direct solubility of base oils in this ionic liquid.   
 
The recovered oils from the ionic liquid processes were characterised by comparison with pure 
base oil samples using ATR-FTIR spectra, moisture content, trace element analysis, and density 
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and viscosity data.  The ATR-FTIR spectra for the recovered base oil from both processes 
(Figures 1a and 1b) were found to be in good agreement with the reference base oil,  
 
(a) 
 
(b) 
Figure 1. (a) ATR-FTIR spectra of (i) reference base oil (SN150) and (ii) recovered base oil from 
P6,6,6,14Cl process, and (b) ATR-FTIR spectra of (i) reference base oil (SN150) and (ii) recovered 
base oil from TESA/TESAC process 
(i) 
(ii) 
(i) 
(ii) 
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The physical properties of the recovered base oil samples from both processes are compared in 
Table 3 with those of (i) a pure base oil SN150, (ii) a commercial lubricant oil GM10W-40 and 
(iii) a sample of used GM10W-40 oil.  The moisture contents in the recovered base oil samples are 
much lower than that in the waste GM10W-40 lubricant oil but are comparable with that of the 
commercial lubricant oil.  The densities of the recovered base oil samples are similar to those of 
the reference oils GM10W-40 and SN150.  The recovered oil samples also have  high viscosity 
indices, typical of Group V (synthetic) base oils, in line with that of the commercial GM10W-40 
but higher than that of SN150. Generally, a high viscosity index indicates small viscosity changes 
with temperature with a high viscosity index being advantageous in engine lubricants because the 
oil is thin enough to flow easily at low temperature (which is critical in cold starts), yet is viscous 
enough to function at high temperature.   
 
The chemical analyses of the recovered oils  have total C+H contents of  > 99 wt.%  with small 
amounts of S, Ca and P that are less than the 0.47, 0.37 and 0.13% respectively found in the used 
GM10W-40 oil – the S, Ca and P contents for the base oil recovered in the TESA/TESAC process, 
for example are 0.28, 0.07 and 0.03% respectively. The oil recovered from the P6,6,6,14Cl did, 
however, also contain 0.33% Cl arising from the IL. The trace metal contents in the recovered oil 
from the used GM10W-40 oil (Table 4) are low and similar to those found in the commercial 
GM10W-40 oil sample. 
 
The ATR-FTIR spectra (Figures 2a and 2b) for the recovered IL from each process - 
TESA/TESAC and P6,6,6,14Cl - were found to be in good agreement with the reference spectra for 
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the respective ILs, showing that the ionic liquid can be recovered for recycle and reuse in the 
process.  
 
(a) 
 
(b) 
Figure 2. (a) ATR-FTIR spectra of (i) recovered IL from the TESAC process and (ii) reference IL, 
TESAC and (b) ATR-FTIR spectra of (i) recovered IL from the P6,6,6,14Cl process and (ii) reference 
IL, P6,6,6,14Cl 
(i) 
(ii) 
(i) 
(ii) 
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Ionic liquid methodologies have been developed for the management of waste lubricant oils to 
recover the value in the base oils from this high tonnage waste stream. The recovery processes are 
carried out at low temperatures and are enviromentally friendly alternatives to the use of volatile 
organic solvents and adsorption methods. Two ionic liquid processes for re-refining waste 
lubricant oils are reported: one based on an ionic liquid in which the waste lubricant base oil is 
insoluble in the  ionic liquid  (TESAC), and one  in which the waste lubricant  base oil is soluble 
in  the ionic liquid  (P6, 6, 6, 14 Cl).   
 
In the total TESA/TESAC process shown in the flow diagram (Figure 3) the waste lubricant oil, 
comprising the base oil and most of the performance additives, is dissolved in the solvent TESA 
which is converted in situ by reaction with carbon dioxide to the ionic liquid TESAC in which the 
base oil is insoluble.  The base oil is separated off as a distinct layer and can be easily recovered.  
The TESAC at the end of the process as shown in Figure 3 can also be recovered for potential 
reuse in the process or converted to TESA for reuse, by heating the recovered IL above 50oC.  
Typically ionic liquids can be recycled up to 5 times with no loss of extraction efficiency.   
 
In the total P6,6,6,14Cl process shown in the flow diagram (Figure 4), the base oil is separated from 
most of the additives and other impurities as a solution in the ionic liquid from which the recovered 
base oil can be extracted easily by treatment with methanol.  Similarly to the TESA/TESAC 
process, the IL P6,6,6,14Cl, in this system, as shown in Figure 4, can be recovered for reuse and 
recycle,  minimising reagent use.  
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Figure 3. Schematic diagram of base oil recovery by the TESA/TESAC process 
 
The recovered base oils from both of the novel, low-temperature ionic liquid processes - 
TESA/TESAC and P6,6,6,14Cl - have properties consistent with lubricant oils in commercial use and 
have the potential to be returned to the commercial cycle. The higher base oil recovery yields in 
the TESA/TESAC process and the disadvantage of the presence of traces of  chlorine in oil 
recovered in the P6,6,6,14Cl process make the TESA/TESAC method the favoured process.  
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Figure 4. Schematic diagram of base oil recovery by the P6,6,6,14Cl process 
 
4. Conclusion 
Waste lubricant oils are classified as hazardous waste that can be managed by recovery for reuse 
and recycle, hydrocracking to produce fuels, incineration with energy recovery and less 
satisfactorily by direct incineration or disposal at a hazardous waste site. Hydrocracking and 
incineration  give rise to only one second use for the waste oil, but recovery for  recycle provides 
the opportunity to achieve multiple reuse stages for recycled oils and should , with the use of 
suitable technologies, be the preferred management  option. The percentage of waste lubricating 
oils returned to the commercial cycle in Europe, for example, is less than 50% but there are 
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opportunities to improve the percentage recycled. Many types of separation stages have been 
established for the recovery of waste lubricant oils in re-refining processes including: adsorption 
processes such as those based on acid-clay treatment; on distillation; and on the use of volatile 
organic extractants.  Most of these processes, however, involve steps that make use of high 
temperatures, adsorbents that have to be disposed of as hazardous materials or volatile organic 
solvents all of which adversely affect their economic and/or environmental suitability. 
 
The processes described here for the management of waste lubricating oils offer two novel low-
energy ionic liquid-based methodologies that have been developed to recover base oils of sufficient 
quality for reuse as lubricant oils from waste oils as well as the opportunity to recover the ionic 
liquids, for recycle and reuse, within the systems thereby minimising reagent use and providing a 
route to closed-loop recovery and recycle. One process uses  3-(triethoxysilyl)-propylammonium-
3-(triethoxysilyl)-propyl carbamate (TESAC), in which the waste lubricant base oil is insoluble,  
and the other uses trihexyltetradecylphosphonium chloride (P6, 6, 6, 14Cl) in which the  base oil is 
soluble.  In the TESA/TESAC process waste oil components, including the base oil, are dissolved 
in the solvent 3-aminopropyl-triethoxysilane (TESA) which is converted, in situ, with carbon 
dioxide to TESAC, recovering the base oil as an insoluble layer. In the P6,6,6,14Cl process the base 
oil is separated as a solution in the ionic liquid from which it can be extracted with methanol.  The 
recovered oils from both processes have properties consistent with lubricant oils in commercial 
use. In most circumstances the TESA/TESAC process will be preferred because it achieves a 
higher yield of recovered base oil and because of the presence of Cl in P6,6,6,14Cl. 
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